ABSTRACT
Introduction
Bioactive peptides have been identified within the amino acid sequences of native milk proteins (6, 10) . Hydrolytic reactions, such as those catalyzed by peptidolytic enzymes of the starter cultures during cheese rippening, result in their release. These peptides directly influence numerous biological processes including Ca-absorption. Some bioactive peptides could have a potential effect on bone accretion by improvement of the absorption of calcium and magnesium through the intestinal barrier. These are mainly phosphopeptides with high binding capacity to calcium and magnesium (6, 9) . Ca-binding functional property is mainly related to the physicochemical properties of casein phosphopeptides (CPP) that enable the chelation of various bivalent and trivalent minerals, thereby enhancing mineral solubility (2, 7, 8) . The binding of Ca2+ to casein or phosphopeptides has been shown to stimulate the absorption of Ca2+ from the ileum (1, 3) . It was demonstrated that the specific amino acid composition associated with the phosphorylated binding site also influences the degree of calcium binding (8) . CPP are mostly resistant to enzymatic hydrolysis in the gut and most often found in a complex with calcium phosphate (5) . This complex formation results in an increased solubility which, in turn, provides enhanced absorption of calcium across the distal small intestines of animals fed casein diets in comparison to control animals fed soy-based diets (8) . This passive transport system is the primary means of calcium absorption under physiological conditions and provides calcium required for bone calcification (4) . The Ca-chelating activity of CPP in vitro was attributed to the role of phosphoserine (SerP) residues, which resulted in a highly polar acidic domain. However, it has been suggested that other side chains, such as glutamic and aspartic acids, may contribute to the metal ion binding. It was reported that probiotic yogurt containing strains of L. casei, L. reuterii, and L. gasseri increased apparent calcium absorption bone mineral content in growing rats (3) . It is very important to note that the ability of lactic acid bacteria to release bioactive peptides is strain dependant. That's why it is necessary to screen a large number of strains in order to find good producers of peptides with functional properties. In this study we screened a high number of Lactic acid bacteria strains for their Ca-binding capacity. This is the first study of production of Ca-binding peptides in Bulgarian cheeses. We studied the influence of selected strains with Ca-binding properties included in the starter on the development of functional peptides with such properties during the ripening of cheese.
Materials and methods

Determination of total Ca-binding activity through ionselective electrode
Calcium binding in phosphopeptide-enriched fractions was determined by CaCl2 titration and measurement of free Ca2+ with a Ca-selective electrode. The samples were deproteinized by help of ultrafiltration (5000 Da) and demineralized using purification on reverse-phase cartidges (Chromabond HLB). The purified samples were buffered with Tris-HCl, pH 8.0 to final concentration of 50 mM and to 10 ml of samples 100 mkl 0.1 M CaCl 2 was added. After mixing for 1 minute the Ca connected to ion analyzer Orion 290A. The calibration curve (mV/C 2+ ) with standard Ca 2+ solutions was built. The calcium bonded by the peptides was determined after substraction of the measured free calcium from the total calcium.
Purification of Ca-binding peptides from cultures with the highest Ca-binding activity
The supernatants from the ten strains with the highest Cabinding activity were ultrafiltrated through 5000 Da membrane and subsequently loaded onto RP-cartridges Chromabond HLB. After washing with water the peptides were eluted with 60% acetonitrile in 0.1% TFA. After evaporation of the eluent the substances were reconstituted in 1 ml 10% acetonitrile in 0.1% TFA. The solution was injected onto RP-HPLC column Hypersil peptide (MachereyNagel). Using Shimadzu HPLC system 1 ml fractions were collected. The eluents were: Eluent 1 (0.1% TFA in water) and eluent 2 (80% acetonitrile in 0.1% TFA). The gradient of eluent 2 was from 2% to 60% for 45 minutes at 40°C and flow rate of 1 ml/ min. The fractions with the best Ca-binding activity were rechromatographed using cation-exchange column BioBasic-300. The used eluents were: Eluent A (20mM KH 2 PO 4, pH 4.8) and Eluent B (NaAcetate in 25% acetonitrile) at 40°C and flow of 1 ml/ min. The gradient of Eluent B was from 0% to 60% for 15 minutes. All fractions collected after ion-exchange purification were evaluated for their Ca-binding activity. The fractions with the best Cabinding activity were freeze dried and subsequently the corresponding peptides were sequenced as it was explained previously.
Sequencing of Peptides
The peptides that exhibited Ca-binding activity were sequenced by Edman degradation. The AA released were detected as their phenylthiohydantoin derivatives using a Shimadzu HPLC system. The partial sequence thus obtained was checked against the (known) sequence of CN in reference databases (BLAST at the National Center for Biotechnology Information, http://www.ncbi.nlm.nih.gov/ BLAST), in attempts to identify the specific peptide bonds cleaved by the enzymes under consideration.
Results and Discussion
In the present work 210 strains of lactic acid bacteria from different sources were evaluated for their ability to produce bioactive peptides with Ca-binding effect. The initial screening was made according to the total Ca-binding activitiy. On Table 1 the twenty strains with the best Cabinding activity are shown. According to our results the strains demonstrating the highest Ca-binding activity possessed the best proteolytic activity, too.The best producer of Ca-binding peptides is L. casei C3 (6.4 mM/ ml bonded Ca). As a single strain the acidification activity of this strain is low, but if it is combined with Lc. lactis with enough acidification activity, L. casei C3 is very suitable for inclusion in cheese starters. It should be noted that this strain grows in cheese conditions during the first three weeks of the ripening process (data not shown). The strain with the second Ca-binding activity is L. helveticus A1 (6.08 mM/ ml bonded Ca). This strain possesses good technological properties and fair acidification, production of aroma compounds and proteolytic activity. L. helveticus A1 is one of the best candidates for development of cheese starters. It was proved that addition of this strain to main compounds in cheese starters L. bulgaricus and S. thermophilus leads to release of much higher quantity of bioactive peptides with Ca-binding activity. One of the main tasks of this study was purification of the bioactive peptides with the best Ca-binding functions. On  Fig. 2 crude separation of the initially purified peptides released by the best producer L. casei C3 is shown as it was explained in the methods. The fraction with the best Cabinding activity is underlined. The final purification step of this fraction is ion-exchange using pH gradient. This different principle of separation comparing with the reverse phase helps to receive well purified single peptides. The chromatogram after ion-exchange separation is shown on Fig. 3 and again the fraction (single peptide) is underlined. Single peptides with the strongest Ca-binding effect were purified from the ten strains which demonstrated the strongest total Ca-binding activity. The Ca-binding activity of the single peptides was proved using the test explained in the methods. 
